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ABSTRACT

The pracess of producing lunar bricks involves sieving and conveying
5011 to @ mixring area, combining the soil with water and lignin sulfanate,
molding into shape, then releasing the finished product. The machine used
to produce these bricks is portable and can be disassembled for easy
transporting.

Soil is brought by the lunar walker to a hopper where it is metered out
by & rotating flow-aiding device. 1t is then sieved to obtain a particle
distribution of less than 0.6cm. Larger particles fall from the sieve side
onto the surface. The sieved soil is continuously conveyed to a vertical
spaced-bucket centrifugal-discharge elevator where particles are
transferred to the mizing chamber at a rate of five meters per hour. This
s0i1 1s sprayed with a water-lignin solution as it falls into one of four 1m
4 1m % 1.5m maolds. A vibrator attached to the outside base of the mold
heips to assure an even distribution of the slurry.

This process ideally recovers 100% of the initial amount of water

induced into the system. The molding chamber forms a vacuum which




pumps the recovered water to the storage area located at the corner of the
mizing-molding unit. The bottom opens to release the finished product

anto gravity rollers, then reseals itself and the process is repeated.




INTRODUCTION

The Lunar Brick-Making Machine is primarily composed of three interfaced
subsystems. The first subsystem is sifting and conveying, which is
responsible for providing selected soil particles to the mixing area at a
given rate. The second is the mixing region, where soil is combined with
the lignin sulfanate and water needed to produce the brick slurry. Melding

ang brick extraction form the third section. This section encompasses the

actual malding of the bricks and the structure constructed with the bricks.

Due to the nature of design for the Lunar Brick-Making Machine, each
section of this report is broken down by subsystem, concluding with an

averall system summary.



PROBLEM STATEMENT

BACKGROUND:

& major goal of the American Space Program, and other space
programs around the world, is to establish continous human habitation on
the Moon. One major obstacle to attaining this goal is the production of
shelters suitable for living. This obstacle is so pronounced because of the
problems arising from transporting earth—madet/aunding materials to the
lunar surface. The problems include freight (bulk moving), cost of shipping,
and replinishment of supplies. The best solution to those problems is to
manufacture shelters using the moons own resources. This would invoive a
one-time trip bringing water and a binder {}ignin sulfanate) from earth to
be mixed with processed lunar soil.

The process of making bricks for the shelters requires a small amount
of lignin and water mixzed with a substantially larger volume of lunar soil.

The machine utilizing this process is the subject of this technical report.

CONSTRAINTS:

The constraints within which this machine must operate are stringent
and mostly relate to the environment on the moon. First, the device must
successfully operate in the lunar environment which has temperatures in

the range of + 200 degrees centigrade. Also there is a harsh vacuum
4




present which means there is no water or air to serve as heat absorbing or
moisture producing elements. Secondly, there is a time constraint. The

first shelter must be built within ten Earth days. Each moon day is
approximately thirteen to fourteen Earth days. The extra three to four days
are alloted for assembly and dry running of the machine. It produces one
brick every 2.8 minutes, with each shelter requiring three thousand bricks
to enclose a eighteen meter long cylinder with a six meter diameter. This
equates to producing a shelter every 5.8 Earth days. The bricks dimensions
are 1.9m x 1m x Im. The moon weight per brick is approximately 150
pounds. Thirdly, the machine should be automated. There will be no manusl
operation other than assembly of the machine, use of the lunar walker to
obtain the bulk soil, and construction of the shelter. No human operation is
necessary in producing the brick. All metering and shut-dovn processes

are timer controlled using switches and electronic controls ( i.e. level

=3

eters, timers, and electronic eyes). Lastly, the machine is relatively

another shelter. This minimizes the use of the walker and is more

efficient when large distances between shelters are being considered.
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MidiNG PROCESS

COMPONENTS:




SUMMARY OF MIXING PROCESS
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PO. Box 2025
Quebec. PO, Canada GIK 7Nt

Tei: {5181 G924 -T800

81 Holly Hill Lane )
Greenwich. Connecticut 06820
Tel {203) 6.25-C700

Telex. G5-3770 Telov: 4 3994

—~—~

Composition:

Calcium lignosuiphonate

Function:
Binding

Chemical Data

.0 pH

.0% Sodium

.0% Calcium

.5% Sulphate Sulphur

.6% Nonsulphonate Sulphur
.7% Sulphonate Sulphur
.3% Total Sulphur

.6% Methoxyl

.8% Reducing Sugars

WOOUMAOONON

F—

GLUTRIN

GENERAL DESCRIPTION

Applications:

Foundry cores, refractories,
ceramics.

TYPICAL ANALYSIS

Physical Data =

Color: Dark Brown
Powder:
Not availabTe .
Liquid:
54% Solids
5.83 1bs. solids/gal concentration
at 250C

300 cps Viscosity at 250C

Sales Specifications and Material Safety Data Sheets are available upon request.

Compatability

Glutrin is compatible with anionic and nonionic dispersants, wetting agents,
fillers and most organic and inorganic materials.

Availability

Liquid solution in 55 U.S. gallon drums, 4000 gallon tank trucks, or 10-20,000
gallon tankcars, is available FOB Rothschild, Wisconsin.

9/85

3

The :nformation given here is based on our best knowiedge and we believe it 10 be true and accurate.
However, Reed Lignin Incorporated does NOL Warrant or guarantee N any manner whatsoever. inciuding the
warranty of merchantability or fitn=ss for the end use, the adequacy of the information and procedures
list2a herein and will not be responsible for any damage resulting from their use.




PO. Box 2025 81 Holly Hill Lane

—— — s oz § § Guebec. PQ. Canada K 711 Greenwich, Connecticut 0683C
‘ 2Nl Tel: (<18} 694-7300 Tel- (203} 625-0701
i Telex: 051-377C Telex: 643994 i
GLUTRIN

GENERAL DESCRIPTION

Composition: Applications: :
Calcium lignosulphonate Foundry cores, refractories,
ceramics.
Function:
Binding -

TYPICAL ANALYSIS

Chemical Data Physical Data

7.0 pH Color:  Dark Brown

0.0% Sodium : -

7.0% Calcium - Powder: -

0.5% Sulphate Sulphur - Not available

0.6% Nonsulphonate Sulphur

4.7% Sulphonate Sulphur Liquid:

5.3% Total Sulphur 54% Solids

8.6% Methoxyl 5.83 Ibs. solids/gal concentration
13.8% Reducing Sugars at 250C

300 cps Viscosity at 250C

Sales Specifications and Material Safety Data Sheets are available upon request.

Compatability

Glutrin is compatible with anionic and nonionic dispersants, wetting agents,
fillers and most organic and inorganic materials.

Availability

Liquid solution in 55 U.S. gallon drums, 4000 gallon tank trucks, or 10-20,000
gallon tankcars, is available FOB Rothschild, Wisconsin.

9/85 33

The information given here is based on our best knowledge and we believe 1t 10 be Uue anc aCCurate
However, Reed Lignin Incorporated does NOt warrant or guarantee in any manner wnatsoever. ciuding the
warranty of merchantability or fitness for the end use, the adequacy of the informauon ana srocedures
listed heren ang will not be responsibie for any damage resulting from their use.
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REED Research and Development HAZARD RATING: Fire
100 Highway 51 South 4 = SEVERE 1 R )
| e Rothschild, Wl 54474-1198 3 = SERIOUS B Y\ Reactivity
-_! JN lN Tel: (.71. 5) 3506544 2 = MODERATE ' v
Health
Special

~4/

1 = SLIGHT
0 = MINIMAL

MATERIAL SAFETY DATA SHEET

MSDS NO

DATE PREPARED

SUPERSEDES
EMERGENCY PHONE: (715) 359-6544
; CHEMTREC PHONE: (800) 424-9300 PREPARED BY
I. PRODUCT IDENTIFICATION
COMMON NAME: CHEMICAL FORMULA: .
Calcium Lignosul fonate c M Amorphous Polymer L
TRADE NAME / SYNONYMS: See Above CHEMICAL FAMILY: Wood Chemicals-
MANUFACT R: :
CTURE Reed Lignin Inc. CAS REGISTRY NO 8061-52-7
DOT SHIPPING NAME: UN NUMBER:
Lignin Pitch - Class 55 Excluded -
HAZARD CLASSIFICATION: DOT: . {ATA: - .
ot Restricted Not Restricted
1. HAZARDOUS INGREDIENTS
PRINCIPAL HAZARDOUS COMPONENTS PERCENT. THRESHOLD LIMIT VALUE (units)
NONE KNOWN - -

M. PHYSICAL DATA

BOILING POINT (*C) Not Applicable SPECIFIC GRAVITY (25°* C) Not Applicable
VAPOR PRESSURE (mm Hg.) Not Applicable pH (3% Soin.) 7.0

VAPOR DENSITY (Air=1) Not Applicable BULK DENSITY (ibs./cu. ft.) 35

% VOLATILES BY WE!GHT 6.0% (water) SOLUBILITY IN WATER 100Z Soluble

APPEARANCE AND ODOR . .
Brown powder with slight odor.

IV. FIRE and EXPLOSION HAZARD DATA

:;%A?‘H POINT . AUTO IGNITION
ethod Used) . TEMPERATURE:
Not Applicable 400°C for dust

FLAMMABLE LIMITS LOWER: UPPER:
IN AIR, % BY VOLUME

0.2 oz./cu.ft. 3.5 oz./cu.ft.
EXTINGUISHING Use water spray, carbon dioxide, dry chemical, alcohol-type
MEDIA or universal type foams applied by manufacturer's recommended

teuhulq—ues. .

SPECIAL FIRE FIGHTING
PROCEDURES

Use supplied breathing air and protective clothing.
Flammable solids may provide conditions for a dust explosion.

UNUSUAL FIRE AND
EXPLOSION HAZARDS

364-5 (PART - A-1) Form meets OSHA Standard 29 CFR 1910.1200




REED Research and Deveiopment HAZARD RATING: Fire /\\ :
I 17N ||w ‘%%?h%:ggﬁ%:?z;iggrﬂ% V) “5 : ‘ZEZIEORES /{ _0 )\\\,Reac!m!‘: !
LIGININ - e LAY
= MINIMAL / ‘Special
MATERIAL SAFETY DATA SHEET
: : . B File L.3
GLUTRIN NOT :MSDSNO A-4§7
OSHA
(Liguid) HAZARDODS DATE PREPARED [STRRWER
EMERGENCY PHONE: (715) 359-6544 SUPERSEDES All Previous
CHEMTREC PHONE: (800) 424-39300
TELEX: 260091 (£00) PREPARED BY J.W. Adams

I. PRODUCT IDENTIFICATION

CHEMICAL FORMULA:

Calcium Lignosul fonate Amorphous Polymer

l COMMON NAME:
|
|

TRADE NAME /| SYNONYMS:

See Above

CHEMICAL FAMILY:

Wood Chemicals

MANUFACTURER: Reed Lignin Inc. CAS REGISTRY NO: 8061-52-7
DOT SHIPPING NAME: Lignin Liquor - Class 55| YN NUMBER: Excluded
‘| HAZARD CLASSIFICATION: DOT: IATA:

Not Restricted

" PRINCIPAL HAZARDOUS COMPONENTS

Not Restricted

- il. HAZARDOUS INGREDIENTS ;

PERCENT THRESHOLD LIMIT VALUE (units)

NONE KNOWN

. . PHYSICAL DATA

BOILING POINT (°C) 104°C

SPECIFIC GRAVITY (25° C) 1.28

VAPOR PRESSURE (mm Hg.) 14.2 at 20°C

pH (3% Soin,) 7.0

VAPOR DENSITY (Air= 1) 1.21 at 20°C

BULK DENSITY (ibs./cu. ft.) Not Applicable

% VOLATILES BY WEIGHT

462 (water)

SOLUBILITY IN WATER

100Z Soluble

APPEARANCE AND ODOR

FLASH POINT

(Method Used) Not Applicable

Brown liquid with slight odor.

! s IV.- FIREr and EXPLOSION- HAZARD DATA

AUTO IGNITION

TEMPERATURE:  yo¢ Apolicable

FLAMMABLE LIMITS
IN AIR, % BY VOLUME

LOWER:

Not Applicable

UPPER:

Not Applicable

EXTINGUISHING

MEDIA : .
Aqueous Solution --

no fire hazard.

SPECIAL FIRE FIGHTING

PROCEDURES
None

UNUSUAL FIRE AND

EXPLOSION HAZARDS
None

R64.85 (PART A.3)

Form meets OSHA Standard 29 CFR 1910.1200




Temperature Effects

Spedialty chemicais that find use in oil well drifting, high tem-
perature dyeing and boiler water treatment applications must
provide performance at elevated temperatures’ Lignosulpho-
nates, which maintain their properties at solution tempera-
tures of up to 220°C (430°F), are widely used in these and
similar applications.

+ Foundry, refractory and face brick manufacturing are among
| a number of industries that use lignosulphonates to enhance
i the plastic properties or green strengths of their products dur-
I ing manufacture. In many of these applications the ligno-

t sulphonates are later burned off in kilns or furnaces, leaving
behind minimal residues.

Figure 8: Heat Stability Determination
via Thermal Gravimetric Analysis

b

Temperature, °C

Color

Powdered lignosulphonates range in color from light yellow
to dark brown. In solution they appear dark. Generally, un-
modified products are light colored; they darken as they are
subjected to chemical modification.

- In most applications the concentration of lignosulphonate in
the end product is so low that color is of no concern. In the
dyestuffs and tanning industries, where the color of the end
products is important, a light colored lignosulphonate is de-
sired; whereas in animal feed pelletizing and industrial water

wreatment, a rich brown color is preferred. Dark colored ligno-
suiphonates are also the product of choice in solar pond appli-

. cations where they maximize heat absorption.

Thermal gravimetric analyses of different Reed products are
shown in Figure 8. They illustrate how the degree of decom-
position varies with temperature; residues remaining after
heating at temperatures between 150°C and 500°C are re-
corded as percentages of the original material (dry basis).

The viscosity of lignosulphonate solutions is temperature-
related. Figure 9 shows the effect of increasing temper-
ature on the viscosity of a range of Reed products. Even
60% solids solutions are easily handled at modestly elevated
temperatures.

Figure 9. Effect of Temperature on Viscosity

2,000 -

Viscosity (centipoise)

88

10
0

Temperature, °C

17




ME 4182
LUNAR BRICE MANUFASCTURING

Frogress Report
Wesl # 2

Frogress this week consisted of eliminating unwanted
"tvrainstormed” concepts. & more in depth study will be conducted
on the remaining decisions in each group. These decisions will be
reviewsed on the basis of theorstical costs and engineering
practicality. Team meetings are now being used to coordinate each
group’'s accomplishments to insuwe compatibility of the final
project.

e are investigating industries with parallel task
descriptions to our project; such as the coal industry for
particle discretion and crushing procedures and various others
such as the cement i1ndustry for mixing information.

Each group has submitted one o more preliminary designs for
their particular stage of the process.

Aleo, we have obtained computer accounts for both the VME
and the CADAM systems.

SOIL GROUF @ ( Martin,Toomer) A

L.imited basic process to sifting and conveving
lumar so0il, currently researching whether to sift out oversized
particles or to crush them {(this depends on size estimatss),
obhtained references from "LUNAR BASES" |, debated sizes, power, and
weight constraints of apparatus . { 1 schematic provided )}

MIXING GROUF : {Ingram,Hill)

Made decisions concerning which mixers will not be
acceptable, currently researching rake mixers and propeller
miders, examining concept of a two stage mixing process with or
without a settling tank to decrease required mixing power. RAlso
researched "LUNAR BASESY. ( 2 schematics provided 3}

MOL.DING GROUF @ (Bonjo,Broach)

Derided to use a "teflon type"” mold to eliminate
the need to clean it after each use, discussed preliminary design
for water recovery system, studied "LUMAR BASESY for more
information on geclogy, searched GTECH database for alternative
reterences and dissertations on the latest information, geometric
configurations for the ick structure are being edperimented
with to finalize the mold shape and size. (1 graphic provided )




ME 4182
LUNAR BRICK MANUFACTURING
MAY 8, 19687

T0: Mr. J. W. Brazell -
FROM: Lunar Brick Manufacturing Group
RE: Fifth wWeekly Progress Report

The group emphasis continues to be size and shape of the actual brick. For
additional information concerning this refer to the section on molding.

It was the consensus of the group to seperate the sifting and conveying

portions of the process from the mixing and molding. The reasons were
height, weight and support, and power.

The brick making process has been finalized. For a complete cutline see
attachment.

All groups are learning to use the CADAM system.

SIFTING AND CONVEYING: ( Martin and Toomer)

Consulted with the civil engineering department for additional information
on sieves. |t has been decided that two or three 4'x10" overlapping sieves
will be used to determine particle distribution of the soil. They will be
vibrated by a small motor as an agitating aid. The 3/8 and no. 4 sieves
were selected to prevent clogging and machine damage.

The hopper will be a large inverted trapezoid which will allow constant
flow of material. Its dimensions are 10" in length, 7° in height, 8 at the
top entrance, and 3° at the lower exit. These dimensions will allow for a
volume of 385ft> of lunar soil.

The sieves and motor will be supported by a metal frame.

The conveyor will lie directly under the sieves and transport the desired
soil to the mixing chamber. (See sketch 1)

This module will utilize a seperate power source from the mixing and
molding components.

Next Steps: Determine size and type of conveyor, power source, material
type for hopper, sieves, and supports.

Mixing Group: {Ingram, Hill)

Discussed library search with Mr. Shelton.

Looked into various methods of water recovery from the system. Three
alternatives are:




using an outside vacuum,
using desiccants, or
using a closed system.

Devices needed to close the opening into the soil dispenser and molding
chamber are being researched. A sliding door type valve that would shut
off soil to the system is one choice.

An aperture type opening to seal the system from the outside "atmosphere”
is being researched. {See Sketch 2)

Next Steps: Continue research on valves, sealing mechanisms, and water
recovery methods.

Molding: {Bonjo, Broach)

Used the architecture library to research parabolic equations for
self-supporting arches. The results were taken and used with the computer
to plot the experimental equations. Construction of an arch with small
scale bricks was done to test stability.

Next Steps: From the computer plot, experiments with several different
cutting angles will be made using wooden blocks as bricks.




BRICK MAKING PROCESS

The process needed to make lunar bricks is outlined below.

*

Soil is brought to the hopper by the walker
The soil drains down the hopper through a small opening at the
bottom
As it exits the hopper small particles pass through 2 consecutive
sieves; larger ones roll off the sides of the sieve and fall to
the ground
Acceptable material is transported by conveyor to a holding chamber
for the mixer
As the dirt flows through one of four apertures at the bottom of the
mixing, chamber it is sprayed with a lignin sulfanate-water
mixture then procedes to fall into the moiding chamber
As the molding process begins, the aperture allowing dirt to flow
from the holding chamber to the mold is closed
As the brick is molded, water is extracted from the mold and
recycled to be used again
The finished brick is pushed out of the mold by a sweeping arm onto
the moon's surface




LUNAR BRICK MANUFACTURING GROUF
ME 4182
Dr. Brarell

May 15,1987

MIXING GROUF: (Hill, Tnerrm)

During the past week we discussed with several
professors different ways to evacuate the chamber where the
brick is made. In order to conserve energy, it was decided
to look strongly at using the vacuum already on the moon to
evacuate the chamber. In order to do this we must also look
closely at methods to recover the water without losing it to
the outside vacuum. Special valving and heat exchangers are
being considered to accomplish this.

Alsao, the method of actwuallly transporting the lunar
fines within the device is still being investigated but a

final design should soon be reached.

Flans for the upcoming week:

We plan to have nearly completed the study fo the
necessary thermodyamics involved in the water removal so
that a physical system can be designed. The physical design
fo the internal lunar transportation should be completed or

nearly completed at this time also.




SIFTING AND CONVEYING: (Martin, Toomer)

During the past week this group made several
accomplishments . A support configuration for the hoppers
and sieves was confirmed. Also, titanium was decided on as
to be the material used to make the hoppers, supports and
sieves. This was confirmed by Dr. Mevers based on strength,
temperature constraints, and density.

The group began to write a rough draft for the final
presentation. We worked with the CADAM and MaclIntosh for
the illustrations of the sifter and convevor. Several
conveyor companies were contacted, however no immediate
decisions were made as to which particular conveyor will be

used.

Flans for the upcoming week:

We plan to finalize a definite design of the hopper and
metering system. We will work with the draft of the final
presentation. During next week we plan to make drawings of
our hopper, sifters and conveyor. Also, we are working on

the determination of the actual mass flow rate.




MOLDING {(Bonjo, BRroach):

We completed the research on the actual brick size,
except for the force diagrams. We determined that each
brick will have the following dimensions: 4' %« 4' » 1°'.

From our discussions with Dr. Meyers, titanium will be the
material used to make the mold. We also talked with a few
professors concerning the ejection of the bricks. WNothing
final came from the discussions. The water retrieval system
was researched. We had more practice with the CADAM system.
We also began to write our first draft for the final

presentation.

Flans for the upcoming week:

To complete the farce diagrams of the bricks. Work on
the process for the ejection of the bricks. At the same
time, come up with the process for retrieving the water from
the bricks. We will work with the CADAM system to get our
drawings of our molds. Also we will continue to weork on the

draft for the final presentation.
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